Summary. Pig oocytes were hand collected after follicular puncture or were mass harvested with stainless-steel screens and purified on sucrose density gradients. Most oocytes obtained by mass harvesting with a 75 \g=m\m screen and selecting on a 0 and 30% discontinuous sucrose gradient were meiotically incompetent and atretic after culture. Two enriched populations of oocytes were isolated from the 0\p=n-\15%and 15\p=n-\30%inter-faces with a 106 \g=m\m screen and a 0%, 15% and 30% 2-step discontinuous sucrose gradient. These oocyte populations differed significantly in size (P < 0\m=.\001,t test) and in meiotic competence. More than 50% of the larger oocytes matured compared with 14% of the smaller oocytes (P < 0\m=.\002). Of the larger oocytes, 21% progressed beyond meiotic metaphase I, whereas all of the maturing small oocytes were arrested at first metaphase after culture (P < 0\m=.\002). Yields were 45 times greater for oocytes mass harvested with a 106 \g=m\m screen and a 15% sucrose density gradient than for oocytes hand collected in the same period of time. Layering these mass-harvested oocytes over a second 15% sucrose gradient or hand sorting the mass-harvested oocytes after culture increased the proportion of maturing oocytes compared with oocytes which were mass harvested before culture and produced higher proportions of oocytes at telophase I or beyond (P < 0\m=.\002). The results demonstrate that mass harvesting of pig oocytes is more efficient than hand selection, and that oocytes collected and selected in this way are at least as capable of meiotic maturation as are oocytes hand selected before culture.
Introduction
It is well established that mammalian oocytes, when removed from their follicular environment, will resume meiosis spontaneously and complete maturation in culture (for reviews, see Tsafriri, 1978; Masui & Clarke, 1979; Channing et ai, 1980) . However, many oocytes in mammalian ovaries are atretic (Himelstein-Braw et al., 1976; Byskov, 1978; McGaughey et al., 1979) and most non-atretic oocytes are small and incapable of maturation in culture (Tsafriri & Channing, 1975; Tsafriri, 1978; McGaughey et ai, 1979; Channing et ai, 1980) . Studies of mammalian oocyte devel¬ opment have been restricted by the limited numbers of oocytes obtained by hand collection after puncture of individual follicles, but Dunbar et al. (1978) developed a procedure for mass harvesting large numbers of pig oocytes, thus permitting large-scale biochemical analyses of these cells (Homa et ai, 1986) .
Although the previously applied mass-harvesting procedure provides sufficient numbers of oocytes for biochemical analyses (Dunbar et al., 1978; Homa et ai, 1986) , the procedure yields populations of oocytes heterogeneous in size and probably in developmental competence. We (Rice & McGaughey, 1981) and, with the use of a dissecting microscope, the liberated oocytes were collected in chemically defined culture medium, 2A-BMOC (McGaughey, 1977) , by means of mouth-operated pipettes. Comparatively large oocytes with adherent cumulus masses, previously described as "A" oocytes (McGaughey et al., 1979) , were selected for culture. Cumulus cells were mechanically removed from selected oocytes by using small-bore pipettes (Hillensjö et al, 1975) .
Procedure 2. Collection of a heterogeneous population of oocytes was accomplished by using the mass-harvesting procedure described by Homa et al. (1986) . Only follicles of <5 mm in diameter were used. The oocytes were har¬ vested in 0-87% (w/v) NaCl + 2-5 mM-Hepes (Homa et al, 1986 ) containing 1 mM-EDTA at pH 7-4 on a stainlesssteel screen of 75 µ pore size. The oocytes were denuded of adherent cumulus cells by vortexing for 30 sec in 1% (w/v) sodium citrate in 10 mM-EDTA (pH 7-4), and then resuspended in 0-87% (w/v) NaCl + 25 mM-Hepes (pH 7-4) containing 1 mM-EDTA. The cell suspension was layered over 30% (w/v) (Rice & McGaughey, 1981 
Results
Initial experiments, using Procedure 2, demonstrated that most mass-harvested pig oocytes collected on a 75 pm screen and purified on a single step 30% sucrose density gradient (Homa et al., 1986) To reduce the number of small and atretic oocytes in the mass-harvesting procedure, Procedure 3 was adopted. Table 2 shows that two enriched populations of oocytes, which differ significantly in average diameter (P < 0001), could be separated on this two-step sucrose gradient, the larger oocytes having a lower density than the smaller oocytes. These oocyte populations also were distinguished by meiotic competence (Table 3) . A significantly higher proportion (P < 0002) of the smaller oocytes remained immature compared with the larger oocytes after culture (Table 3) 33 ± 6 28-8 ± 4-7a 71-2 ± 5-1* 170 ± 3-5a-b 54-2 + 7-8"
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(35-7 ±180) (0) (Table 5 ). There was also a significantly lower overall proportion (P < 0001) of degenerate oocytes in the hand-collected population than in the mass-harvested population of oocytes (Method A in Table 5 ). Selection by Method C produced a population of oocytes in which the incidence of maturation did not differ significantly from that of oocytes collected by Procedure 1. However, selection of mass-harvested oocytes by Method gave a mean incidence of maturation that was significantly higher (P < 005) than that of oocytes collected by Procedure 1. Moreover, none of the maturing oocytes collected by Method were degenerate. The proportion of maturing oocytes which progressed through the first meiotic division to telophase I or metaphase II was also enhanced by Methods and C of Procedure 4 (P < 0002 for both), to a value comparable to that of oocytes collected by Procedure 1. Although selection by Methods and C reduced the yield of oocytes by about one-third compared with Method A, Methods and C yielded a nearly 17-fold increase in mean number of oocytes compared with Procedure 1 (Table 5) .
Discussion
In the present study, the previously published mass-harvesting procedure (Homa et al., 1986) (Tsafriri & Channing, 1975; Tsafriri, 1978; McGaughey et al., 1979; Channing et al., 1980 ).
The results demonstrate that the use of a larger screen size (106 pm) and Medium 2A-BMOC for harvesting oocytes as described in Procedures 3 and 4 yields a lower incidence of atretic cells compared with Procedure 2 in which EDTA was included in the collection medium. Although most oocytes in the ovary are atretic (Himelstein-Braw et al., 1976; Byskov, 1978; McGaughey et al., 1979) , it could be argued that temporary removal of divalent cations in the presence of EDTA during harvesting with Procedure 2 decreased oocyte survival, because it has been reported that calcium has considerable influence on mammalian oocyte viability (De Felici & Siracusa, 1982; Maruska et al., 1984) and meiotic maturation (Paleos & Powers, 1981; De Felici & Siracusa, 1982; Jagielloeiû/., 1982; Maruska étal., 1984; Racowsky, 1986) in culture. However, other investigations revealed that the effects of collecting and incubating pig oocytes in calcium-free medium were reversible after 3 h (Bae & Channing, 1985) . In the present study, pig oocytes mass harvested in the presence of EDTA for 2-5 h (Procedure 2) were subsequently cultured overnight in medium containing 1-7 mM-CaCl2. Although about 30% of the oocytes obtained with Procedure 2 matured (Table 1) , the majority of these oocytes did not progress beyond first meiotic metaphase, and about one-half of them exhibited signs of degeneration. This is probably due to the small size of these oocytes, which are known to exhibit reduced competence for meiotic maturation (Tsafriri & Channing, 1975; Tsafriri, 1978; McGaughey et al., 1979; Channing et al., 1980) and which are relatively insensitive to calcium deficiency (De Felici & Siracusa, 1982) . Moreover, brief exposure of oocytes to EDTA using Procedures 3 and 4 did not appear to affect meiotic competence as more than 50% of the oocytes matured in culture and a large proportion of maturing oocytes progressed beyond meiotic metaphase I.
It was shown previously that mass harvesting yields 200-300 oocytes per ovary using nylon mesh screens (Dunbar et al., 1978) or using a 75 pm stainless-steel screen (Homa et al., 1986) as in Procedure 2. By selecting for size and ability to mature in culture using a larger screen size (106 pm) and a 0% and 15% discontinuous sucrose gradient as in Procedure 4, the yield of mass-harvested oocytes was reduced to 10% (22^0 oocytes per ovary) of the previously reported yield. This obser¬ vation again confirms previous findings that the majority of oocytes in the mammalian ovary are derived from small follicles and are meiotically incompetent or atretic (Tsafriri & Channing, 1975; Bae & Channing, 1985) . Although selection after culture further reduces the mass-harvest yield, almost 20 times as many oocytes can be obtained using these procedures as by routine hand collection (Procedure 1) and more ovaries can be processed in the same period of time. It therefore appears that mass-harvesting procedures can be used efficiently to obtain large yields of mammalian oocytes.
The ability to separate oocytes on a large scale according to atresia, size and competence to mature in culture should greatly facilitate comparative studies during oocyte atresia and at different developmental stages, permitting a broader understanding of the physiological and biochemical processes involved in oocyte growth, development and maturation.
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